ABSTRACT. Helminth parasites were collected from 9 raccoon dogs (Nyctereutes procyonoides viverrinus) and 2 Japanese weasels (Mustela itatsi sho) on Yakushima Island, Japan. The former carnivore was introduced to this World Natural Heritage Area presumably within the last two decades, expanding its population thence, although detailed process(es) of the introduction is unknown. The collected trematodes from raccoon dogs included the triploid form of Paragonimus westermani, Brachylaima tokudai, Maritrema eroliae, and Pseudocryptotropa sp. Simultaneously, Paragonimus ohirai was found in one weasel killed by a traffic accident. Although the triploid form of P. westermani and P. ohirai are known to be distributed in some river-mouth areas of Yakushima Island based on previous surveys on crab hosts, natural infection was detected for the first time in wild final hosts. Particularly, the raccoon dog infected with P. westermani was caught in a mountainous area, distant from human residence or river-mouth areas. Although it is possible that the infected raccoon dog moved from a river-mouth area endemic with P. westermani after infection, the alternative scenario remains to be pursued; the endemic area of this zoonosis is expanding along with the recent expansion of raccoon dogs or feral cats (Felis catus), that became prevalent recently on this island including the mountainous areas. Maritrema eroliae taking a variety of shorebirds as its natural final hosts, and a minute trematode, Pseudocryptotropa sp., taking unknown natural final host(s) were recorded for the first time in raccoon dogs.
Yakushima Island, of 28 × 24 km size and a 132 km-long seashore, is located 60 km south from the southernmost peninsular tip of the Kyushu Island, Japan. This island has 45 mountains of altitude more than 1,000 m above sea level, and the highest mountain Miyanoura-dake is 1,936 m above sea level, situated near the center of the island. The human population is approximately 14,000 according to the results of the national census taken on October 1, 2000, residing along the seashore areas except for the western part of the island, particularly around the river-mouth areas. The major part of Yakushima Island became a World Heritage Area in 1993 because of its great diversity of life unique to the island. Deer (Cervus nippon yakushimae), macaques (Macaca fuscata yakui), and weasels (Mustela itatsi sho) are the major wild mammals of bigger body size, while foxes (Vulpes vulpes), wild boars (Sus scrofa leucomystax), hares (Lepus brachyurus), and martens (Martes melampus) common in other areas of Japan are not present in the island [5] . Similarly, raccoon dogs (Nyctereutes procyonoides viverrinus) did not inhabit the island originally, but after the first notice in the early 1990s, their population has expanded, although detailed processes of their introduction are unknown [5, 42] . In November 2004, a research team organized and supported by the Japanese Ministry of the Environment carried out a primary survey on this introduced omnivorous species living in the coastal area of the western part of the island under a protocol entitled "Research on Ecosystem Change in World Heritage Areas: Study on Protection of Biodiversity Maintaining System in Yakushima". A parasitological survey was carried out on animals collected during this project. Here we describe the results of the survey.
MATERIALS AND METHODS
To collect zoological data on the alien mammals, raccoon dogs were caught in two areas in the western part of Yakushima Island using 33 metal cage-traps (18 in Nagata, and 15 in Seibu-rindo; see Fig. 1 ) by license-carriers over a period of 30 days (November 2004). Nagata is located at the river-mouth region of the Nagata river, and Seibu-rindo is a mountainous area. The trapping points in the former area were 3-40 m above sea level, whereas those in the latter were 160-200 m above sea level. The trapped raccoon dogs were 5 females (body weight: 2.1-3.9 kg) and 4 males (2.4-3.2 kg). After euthanasia by a humanitarian method and obtaining zoological data, the thoracic viscera and digestive tracts were removed, frozen at -20°C, and sent to the parasitology laboratory. In the laboratory, after gross examination, the trachea, esophagus, stomach, and intestine were opened longitudinally, scratched carefully by glove-worn hands, and the contents were washed repeatedly by simple sedimentation in tap water. Sediments were checked thoroughly under a dissection microscope. Sediments were also used for the analysis of food items in a zoology laboratory.
Except for several worms collected for DNA extraction, the collected parasites were fixed in 70% alcohol or 10% neutral-buffered formalin. Then, parts of trematodes were stained with Semichon's carmine and mounted by a standard technique. Flukes of the genus Paragonimus were pressed between two slides before fixation. Drawings of unstained specimens were made with the aid of a camera lucida, and measurements were made on these drawings. During this field research, 3 weasels dead from traffic accidents were collected, and treated similarly as for raccoon dogs except for one that lost the viscera.
We also conducted molecular genetic characterization of Paragonimus worms taken from one raccoon dog and one weasel. DNA was extracted from a small piece of the body with GenomicPrep TM Cells and Tissue DNA Isolation kit (Amersham Pharmacia Biotech, Piscataway, NJ, U.S.A.) according to the instructions provided by the manufacturer. Amplified were segments of ribosomal RNA genes (rDNA) containing the internal transcribed spacer (ITS)1, 5.8S, and ITS2, and mitochondrial genes (mtDNA) such as cytochrome c oxidase subunit I (COI), 16S and a non-coding region, with uses of reported primers as follows: T7-1 and SP6-1 for 16S mDNA [1] ; PwNCR-F and PwNCR-R for a non-coding region of mtDNA [1] ; FH5 and FH3 for COI [8, 23] ; and BD1 and BD2 for the ITS1 / 5.8S / ITS2 region [31] . PCR products were analyzed by electrophoresis using 1.3% agarose gel and ultraviolet visualization after ethidium bromide staining. Amplicons of interest were semi-purified with QIAquick ® PCR Purification kit (Qiagen Sciences, MD, U.S.A.), and sequenced in both directions using the aforementioned primers and several additional primers on ABI PRISM TM 377 (PE Applied Biosystems Inc.). Additional primers included T7-2 and SP6-2 for 16S mtDNA [1] ; and 3S and KIM1 for the ITS1/5.8S/ITS2 region [31] . The obtained sequences were aligned using the CLUSTAL W multiple alignment program [43] with adequate sequences deposited in the DDBJ / EMBL / GenBank database.
RESULTS
Collected parasites included 7 nematodes, 4 trematodes, and 3 acanthocephalan species from raccoon dogs, and 2 nematodes, 1 trematode, and 1 acanthocephalan species from weasels. In the present study, we focus on trematodes (Table 1) , and details on other parasites will be reported in a separate work.
The triploid form of Paragonimus westermani: A single congested mass, but not a developed worm cyst, was found in the proximal part of the right lobe of the lungs from a raccoon dog trapped in Seibu-rindo (YKS-2; see Fig. 1 ). From this lesion, a single, fully-developed fluke was collected. The stained fluke measured approximately 8 mm in length and 3.5 mm in maximum width, although the anterior part including the oral sucker was lost during the worm recovery. The acetabulum was 0.78 mm long by 0.92 mm wide. The ovary had 6 lobes, measuring 1.25 mm long by 1.59 mm eggs was in the opercular half, and the abopercular eggshell was only mildly thicker than the rest ( Fig. 2A) .
The nucleotide sequence of the segment of 16S mtDNA was identical to the 758-bp sequence of the triploid form of P. westermani (DDBJ/EMBL/GenBank accession no. AY190066), but not its diploid form by a few base substitution; e.g., at positions 236 and 521 as indicated by Agatsuma et al. [1] . The nucleotide sequence of the segment of the short non-coding region of mtDNA was identical to the "type B" form (accession no. AF219379), common for the triploid form of P. westermani and diploid forms of P. westermani distributing in the southwestern part of Japan [1] . Similarly, the nucleotide sequences of the fragment for COI mtDNA and that for ITS2 rDNA were identical to respective sequences common for the triploid P. westermani [10, 23] . The ITS1 rDNA fragment was 508-bp long; namely, a type with the 80-bp 5'-end and 346-bp 3'-end with a single 82-bp repeat, reported by van Herverden et al. [44] .
Paragonimus ohirai: Five lung cysts with remarkably calcified walls were found in the right anterior (1 cyst), right posterior (2 cycts), left posterior (1 cyst), and accessory (1cyst) lobes of the lungs of a weasel collected in Nagata area (YKS-W2; see Fig. 1 ). One pair of intact flukes was recovered from a single cyst, one pair of degenerative flukes from an another cyst, and none from the remaining 3 cysts. One representative fluke was 7.2 mm long by 3.3 mm wide. The oral sucker measured 0.42 × 0.56 mm, and the acetabulum was 0.62 × 0.55 mm. The ovary was structurally complex and measured 0.87 × 0.87 mm. The testes contained 6 and 5 lobes on the ovarian and uterine sides, respectively, and were larger than the ovary. The seminal receptacle contained a large amount of sperms. Eggs in the tracheal exudate (n=13) measured 82.3 ± 4.6 (78 -92) µm by 51.0 ± 3.6 (44-56) µm. The maximum width of eggs localized in the abopercular half, and the eggshell was of the same thickness (Fig. 2B) . PCR amplification of several segments mentioned above was tried, but only a segment of COI mtDNA was successful. The nucleotide sequence of our fluke was identical with that for P. ohirai (accession no. AF008189), and showed one base substitution from P. ohirai from Tanegashima Island, the neighboring island to Yakushima Island (accession no. U97214) with 16 km distance.
Brachylaima tokudai: Only a single fluke was recovered from the small intestine of a single raccoon dog trapped in Seibu-rindo. Its morphological features (see Fig. 3A ) were consistent with its original description [46] .
Maritrema eroliae: Several flukes were collected from the small intestine of 2 raccoon dogs trapped in Nagata area. This fluke was pyriform, flattened dorsoventrally (Fig. 3B) of the acetabulum (Fig. 3C) , with its proximal end extending near to the right margin of the body between the right cecum and right testis. The seminal vesicle was elongated, 0.059-0.158 mm long by 0.028-0.045 mm wide. The genital atrium opened through the left side of the acetabulum. The vitellaria formed a ring surrounding testes, in the hindbody. The uterus formed loops along vitellaria. Eggs were elliptical in shape, brown in color, and measured 0.023 × 0.013 mm. Pseudocryptotropa sp.: A few dozen to thousands of minute trematodes (Fig. 4) were collected from the small intestine of all 5 raccoon dogs trapped in the Nagata area, and one of 4 in Seibu-rindo area (192 trematodes in number). This trematode was oval, 0.31-0.39 mm long by 0.17-0.25 mm wide at the acetabular level (n=9). As shown in Fig. 4 , this minute fluke was round in shape and packed densely with organs, and dark brown eggs and vitellaria covered most parts of the body. Staining with Semichon's carmine did not help to visualize the relationships between organs. The oral sucker was localized subterminal, measuring 0.064-0.074 × 0.062-0.076 mm. The pharynx was globular or barrel-shaped, 0.024-0.036 mm by 0.025-0.039 mm. The pre-pharynx was short, and the intestine bifurcated just behind the pharynx, extending to the postero-testicular area. The acetabulum was 0.060-0.073 by 0.052-0.078 mm, just behind the midbody. Two testes were oval, 0.055-0.101 mm by 0.025-0.071 mm, situated in the hindbody between the acetabulum and the posterior extremity. The cirrus pouch was long, and extended and curved in front of the acetabulum. The seminal vesicle was lightly bipartite. The genital atrium opened dorsally between the acetabulum and the left-side margin of the body at the midbody level. The ovary measured 0.035-0.062 × 0.025-0.057 mm, and was overlapped the acetabulum postero-dextrally. The vitellaria were confluent and extended mainly in the dorsal side of the body from the pharyngeal level to near the posterior extremity, but did not overlap with the acetabulum or testes. Eggs were relatively few in number, measuring 0.034-0.036 mm by 0.022-0.024 mm, with the operculum. Developed eggs were dark brown in color.
DISCUSSION
The raccoon dog is known to be a natural host for P. ohirai and P. miyazakii, and the diploid form, but not the triploid, of P. westermani [9, 22, 38, 39, 45, 50] . However, Shibahara [37] succeeded in infecting the raccoon dogs with both diploid and triploid forms of P. westermani. The size of the eggs from this host was described as follows; diploid (n=15), 75 ± 4.7 (64-83) µm by 43 ± 2.3 (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) µm, and triploid (n=15), 88 ± 4.9 (77-100) µm by 50 ± 2.8 (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) µm. The egg size of the present flukes was closer to that of the latter form, although the abopercular egg-shell was not markedly thicker than the rest. This feature was also described by Miyazaki [30] on the diploid form of P. westermani; the young flukes often produced eggs closer to P. miyazakii with thin eggshells. Similar explanation might be applicable to our specimen, the triploid form of P. westermani. On Yakushima Island, many patients with paragonimiasis presumably caused by the triploid form of P. westermani were reported previously [2, 36] , and a survey on the intermediate hosts such as Eriocheir japonicus and Geothelphusa dehaani (formerly referred to as Potamon dehaani) confirmed the distribution of this fluke [21, 25] . Positive crabs were found around river-mouth areas in Kurio, Nakama, Takahira, and Koseda (see Fig. 1 ). Furthermore, molecular analyses of 16S mtDNA, the short noncoding region of mtDNA, COI mtDNA, and ITS2 rDNA support the identification of the fluke recovered from the raccoon dog as the triploid form of P. westermani [1, 7, 10, 23] .
Based on these findings, we could exclude the introduction of the diploid form of P. westermani from the outside of the island through the introduced raccoon dogs. However, the question needs further investigation. The present infected animal was trapped at a mountainous area, distant from any river-mouth areas with human residence; at least 7.5 km from the nearest Kurio (see Fig. 1 ). It is uncertain where this raccoon dog acquired the infection; around the trapping site, or moving after infection from the river-mouth area where potential final hosts for this fluke such as humans, dogs and cats [9, 29, 30] are concentrated. During the present field survey, however, feral cats (Felis catus) were often noticed in the mountainous area where we caught the raccoon dog infected with the triploid form of P. westermani. This fact implies that feral cats increasing recently on this island could expand the distribution of the triploid form of P. westermani to the mountainous area. It should be noted that feral cats and raccoon dogs play an important role in maintenance of the life cycle of the triploid form of P. westermani, which we believe to be nearly eradicated on this island. In this context, future surveys on the intermediate hosts, not only around the river-mouth area, but also the mountainous area, should be conducted as soon as possible, to assess the present state of this zoonosis in animal hosts on this island.
The weasel is known to be a prevalent natural host for P. ohirai and P. miyazakii [9, 45] . The distribution of P. ohirai on Yakushima Island was reported by Kawashima and Miyahara [26] who found metacercariae in brackish water crabs, Chiromantes dehaani (formerly referred to as Sesarma dehaani) and S. haematocheir, from the mouth of Kurio river. The present infected animal was collected between the river-mouth area between the Nagata and Takeno rivers, distant from the area previously surveyed by the above investigators [26] (see Fig. 1 ).
Brachylaima tokudai was recorded infrequently in raccoon dogs [35] . This fluke was described originally from a greater Japanese shrew-mole (Urotrichus talpoides) in Nagano Prefecture, Japan [47] . Kifune et al. [28] recorded this fluke from the greater Japanese shrew-mole and lesser Japanese shrew-mole (Dymecodon pilirostris) from 3 main islands of Japan (Honshu, Shikoku, and Kyushu). This species is distinct from other Brachylaima spp. recorded in Japan; Brachylaima ishigakiense Kamiya et Machida, 1977 in a roof rat (Rattus rattus) [24] , and Brachylaima sp. in a dog [4] from Okinawa, or Brachylaima sp. in voles (Clethrionomys spp.) from Hokkaido [3] , mainly due to the extension of the uterus.
From Japan, M. eroliae and several related species of the genus Maritrema have been described [11, 32, 40, 46, 48] . Deblock [12] once considered that M. urayasensis Ogata, 1951 and M. kitanensis Shibue, 1953 from Japan were distinct species from M. eroliae mainly due to different arrangements of the vitellaria (completely circular around the testes vs. interrupted at the posterior margin), but later placed them along with M. magnicirrus Belopol'skaya, 1952 from Russia as synonym of M. eroliae [13] . However, the situation of these three species from Japan is still not fixed [14, 15] . Maritrema eroliae distributes in Japan, Russia, Australia, and southern Africa [14] [15] [16] , and takes a variety of shorebirds (Calidris alpina, Capella gallinago gallinago, Upupa epops, Tringa incana, Phalaropus lobatus, Numenius madagascariensis, Charadrius mongolus, and Charadrius marginatus) as a final host [16, 17, 32, 40, 41, 46, 49] . In Japan, the reported final hosts are dunlins (C. alpina) from Mie Prefecture [46] and common snipes (C. g. gallinago) in Fukuoka Prefecture [41] , while the reported second intermediate hosts are brackish-water crabs (Scopimera globosa, Scopomera pusilla, and Macrophthamus dilatatus) and freshwater shrimp (Neocaridina denticulata) [32, 40, 46, 49] . The morphology of the present specimens from raccoon dogs resembled the original description by Yamaguti [46] , and the two infected raccoon dogs were trapped only in the river-mouth area (Nagata), not in the mountainous area (Seibu-rido). Thus, the raccoon dogs are new host record for this fluke.
The minute trematode Pseudocryptotropa sp. (Fig. 4 ) belongs to the family Lecithodendriidae (Lühe, 1901) Odhner, 1910, and seems to share more general features with the genera Pseudocryptotropa Yamaguti, 1958 (syn. Novetrema Rohde, 1962) or Odeningotrema Rohde, 1962 belonging to the subfamily Odeningotrematinae [49] . The genus Odeningotrema is characterized, however, by the absence of the cirrus pouch [49] , and contains four species, all from Malaysian mammals such as slow lorises (Nycticebus coucang), greater naked bats (Cheiromeles torquatus), common tree shrew (Tupaia glis), short-tailed gymnure (Hylomys suillus), and black rats (Rattus rattus) [18, 19, 33, 34] . To date, the genus Pseudocryptotropa contains P. macrotestis (Belopol'skaja, 1954) Yamaguti, 1958 from gray nightjars (Caprimulgus indicus) in the Far East (Primorsky province, Russia), P. nycticebi (Rohde, 1962) Khotenovski, 1965 from slow lorises in Malaysia, and P. taiwanensis (Fischthal et Kuntz, 1981) amended by Kifune, Harada et Lin, 2002 from tailless leaf-nosed bats (Coelops frithii formosanus) in Taiwan [6, 20, 27, 33] . Among them, our specimens are apparently closer to P. macrotestis in gereral arrangements of each organ, but differ from this species in several points as follows: 1) the opening side of the genital atrium (dorsal vs. ventral); 2) the actual and proportional sizes of the testes to the body (0.055-0.101 mm to 0.31-0.39 mm vs. 0.180 mm to 0.43-0.47 mm); and 3) the size of eggs (0.034-0.036 mm by 0.022-0.024 mm vs. 0.042-0.043 by 0.029-0.032 mm). Since this species has never been found in raccoon dogs or any other wildlife hosts as far as we know, it is interesting to pursue the original natural host(s), which may keep the life-cycle of this minute fluke at least on Yakushima Island, particularly around the river-mouth area like Nagata. Further morphological characterization of this fluke is needed using other adequate techniques before giving a special name.
